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Abstract 
In recent years simple CAD systems have entered the market, which are offered as freeware or open source projects. These systems 
prove to be a key technology especially for the further expansion of 3D printing, because a 3D model of the object to be printed is 
a prerequisite for the use of a 3D printer. Therefore, this contribution reviews several common simple CAD systems. Thus technical 
and economic criteria are evaluated. It is also demonstrated how the models designed in this manner can be used in 3D printing. A 
case study shows the possibilities and limitations to be expected when using simple CAD systems. 
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1. Introduction 
The use of Computer Aided Design (CAD) systems in 
product development has greatly expanded since the 
introduction of the first systems in the 1960s. In many branches 
of mechanical engineering, electrical technology and 
architecture 3D models are developed and constructed with the 
aid of CAD systems which serve as the basis for subsequent 
planning and manufacturing processes [1]. Therefore, there is 
currently a huge variety of commercial but also non-
commercial CAD systems in the market which differ, on the 
one hand, in the type of licensing and, on the other hand, in the 
type of computer application and the required hardware (see 
Figure 1). 
In almost all technical branches, high-performance CAD 
systems of the fifth generation [2], which have features for 
parametrical model development available, are being used in 
the industry today. Thereby, the market for this closed source 
software is dominated by a few providers of professional CAD 
systems. The three largest providers are Autodesk with 
843.000, Dassault Systèms (CATIA) with ca. 687.000 and 
Siemens (NX) with ca. 513.000 cumulative commercial seats in 
2013 [3].  
These CAD systems have a variety of functions at their 
disposal which, in part, are tailored to specific branches, such 
as, e.g. automotive manufacturing or aerospace industry. In 
order to be able to utilize this large range of functions, the 
operators of these professional CAD systems need to complete 
comprehensive training. Additionally, many months and years 
of experience with the system are necessary to be able to fully 
benefit from the functionalities. 
On the other hand, CAD systems with a limited range of 
functions are used for smaller and medium-sized businesses. 
These are easier for the users to master and therefore can 
already be effectively used after a brief training period. Hence, 
these simple CAD systems are likewise used in vocational 
training or in introductory CAD courses at general education 
schools or at technological secondary schools. 
Additive Manufacturing (AM) processes, also termed 3D 
printing, have become greatly widespread in recent years. In the 
industry, this new manufacturing technique is also used 
alongside very complex tasks by many users who do not have 
significant previous technological knowledge.  
The market for personal 3D printers represents a strong 
growth trend. In 2013 the number of unit sales grew by 104% 
to about 72.500 personal 3D printers. Many of these low-cost 
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printers are being sold to students and hobbyists. Also, many 
educational institutions are purchasing multiple personal 3D-
printers to equip laboratories for hands-on learning [2]. 
Because the basis of every physical 3D printing is a virtual 
3D model, the demand for simple CAD systems that can offer 
fast and preferably inexpensive access to 3D modelling in along 
with easy training of the functions is increasing. These 
requirements should be fulfilled by simple CAD systems which 
are offered as freeware, i.e. free closed-source software, or as 
open-source software. 
 
 
Figure 1: Classification of CAD systems according to computer application 
and licensing 
2. Literature review 
From a general perspective only a few software tools are 
available to support engineers in the early stages of the product 
development (conceptual design). On the other hand, a huge 
variety of commercial but also freeware and open-source 
software packages are available at the end of the product 
development (detailed design). For instance, in finale stage 
CAD software is used to extend the best design solution to a 
detailed design plan in solid shape [4]. 
The application of various CAD systems to the education of 
engineering students has already been studied multiple times. 
The discontinuation of license costs is indicated as the 
motivation for this usage. This is particularly true in emerging 
countries such as, e.g., Brazil. In this, several freeware software 
packages can achieve a satisfactory evaluation from the 
students [5]. 
In addition, the teaching of commercial CAD system in 
combination with AM has already been tested successfully. 
Those way students could convert their virtual 3D-models from 
the CAD directly into physical 3D printed models. Thus, the 
students could improve their understanding of design rules 
suitable for additive manufacturing [6, 7]. 
The use of simple CAD systems has also been studied in the 
education of electrical technology students concerning the 
design of circuits. In the course of this, the advantages over 
commercial systems were primarily evident during a brief 
training period and in the discontinuation of licensing costs for 
the installation on laboratory PCs and also particularly on the 
students’ mobile devices [8].  
On the other hand, a different picture became apparent with 
the industrial use in mechanical engineering, e.g., in tool-
making. It was shown in a study of four different freeware 
systems in the development of thermoforming molds that these 
systems exhibit a few deficits in comparison to professional 
CAD systems. Admittedly, the management and interfaces 
were satisfactory, but the insufficient parametrical construction 
was strongly criticized. The construction could not be fully 
executed with any of the freeware systems [9]. 
However, a number of open-source projects have already 
been established through non-industrial applications of 3D 
printing in the hardware branch. For example, the 3D printers 
“Rep-Rap,” initiated by the University of Bath and 
“Fab@home” from Cornell University are included here. So it 
is appropriate to use open-source software alongside this for 
the creation of the 3D models for 3D printing [10]. Thus there 
is currently a variety of open-source or freeware CAD software 
which can be installed on a desktop PC. Moreover, new 
software solutions have appeared in recent years which can be 
used on mobile devices or in a browser. 
3. Range of available freeware or open-source CAD-
systems 
As the first step, comprehensive Internet research was 
conducted along with the literature research as an inquiry into 
freeware and open-source software tools [11, 12]. It came as a 
positive surprise that a relatively large number of software tools 
exist. The tools found could be generally divided into the 
following three categories (see Table 1). 
The majority of the tools is aimed at technical use and is in 
particular suitable for the mechanical construction of 
components for mechanical engineering. As a rule, the 
procedure here is based on a 2D sketch which is subsequently 
converted for extrusion or rotation on an axis in a 3D volume 
component. 
In addition, basic geometrical forms such as cuboids, 
cylinders and boreholes can easily be generated. Many variants 
and details, e.g. radii and chamfers, are also effortless to 
generate with the aid of the features. In this, the procedure is 
comparable to conventional fourth generation closed-source 
CAD systems which function on the constructive solid 
geometry (CSG) principle [13]. 
Some of these CAD software packages provide the 
parametrical construction as well without offering the full 
functionality of commercial suppliers, for example, in the 
creation of free-form surfaces or the integration in the product 
lifecycle management (PLM). 
An assortment of CAD systems that are geared more 
towards artificial and creative, rather than technical, 
applications is also available. In these, less emphasis is placed 
on the adherence to basic geometrical forms in generating 3D 
objects and more on a preferably free creation and the rendering 
of objects and backgrounds. 
Departing from this are also CAD systems which generate 
3D sketches or 3D solids through the aid of programming. In 
this, a code must first be generated that can subsequently be 
used with the aid of a complier to create 3D volume bodies. 
This procedure deviates strongly from all other CAD systems 
regarding operation since the operator does not generate the 
construction by means of graphical input using a mouse along 
with the input of alphanumerical values and parameters but 
rather through the generation of a code. 
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Table 1. Categories of freeware or Open-Source-CAD-systems with examples 
CAD-System Freeware (F) or 
Open-Source (OS) 
Desktop (D), Mobile 
(M) or Browser (B) 
Mechanical Construction 
Autodesk 123D F D/M 
FreeCAD OS D 
SketchUp  F D 
Onshape F B/M 
TinkerCAD F B 
3D Systems Cubify F M 
Programming   
OpensCAD F D 
RepoCAD OS B 
Creative design   
Blender OS D 
 
After the test phase of the software tools that were found, 
the range of CAD tools, which has now been considered more 
closely, is further limited. The focus of the range had been 
CAD systems suitable for mechanical engineering. Moreover, 
one additional software package more suitable for creative 
designs was also chosen. 
Autodesk 123D Suite 
The software company Autodesk provides a freeware 
software suite with 123D for 3D solid modelling. Along with 
the support forums on their website, several free design 
templates are available to download. Numerous video tutorials 
assist users in getting started. 
The 123D Design software (Version 1.6) enables users to 
generate three-dimensional CAD volume models without any 
previous CAD knowledge. Figures and forms do not need to be 
constructed themselves but are instead already given. They can 
be chosen and are placed on a type of virtual platform. In this 
way, houses, trains or robots, for example, are assembled from 
different elements. 
This series includes other software, among which is the 
Autodesk 123D Sculpt software. This allows one to create a 3D 
model on a tablet. The modelling functions by generating the 
3D object with a finger on the touchscreen of a mobile device. 
There is also the app Autodesk 123D Catch. A 3D model can 
be made from several photos with this software. The photos 
have to be taken from various angles in order for this process 
to work [13]. 
3.1. FreeCAD 
FreeCAD is a CAD system that is developed by an open 
source project and aimed towards a great range of engineering 
uses, particularly in mechanical engineering and product 
design. But it is also applicable in many other technical 
disciplines.  
FreeCAD (Release 0.15) is a feature-based, parametrical 
CAD software with modular software architecture. This way 
additional functions and open source libraries can be added 
without needing to change the main software. Generating 2D 
drawings is not the focus of the development, nor is generating 
animations or natural surfaces and textures [14]. 
3.2. SketchUp Suite 
Google SketchUp, originally available for free from Google, 
was, above all, conceived for building modelling for Google 
Earth. It is especially good for designing houses, larger 
buildings and even landscapes. There is a variety of plug-ins 
from other providers for the free version. After the US 
navigation specialist Trimble took over the SketchUp software 
from Google in 2012, a new version of the CAD software was 
released as SketchUp 2013. This series is divided into three 
variants: SketchUp Viewer, SketchUp Make and SketchUp 
Pro. As the name already suggests, SketchUp Viewer can only 
be used to view 3D SketchUp models. SketchUp Make 
(Version 2015), is free and thus conceived for private persons 
who want to design, while SketchUp Pro is intended for 
commercial use [13]. 
3.3. Onshape 
Onshape is an entirely cloud-based CAD-system and it is 
therefore accessible from any device that uses a browser. This 
means one can pull up Onshape with any internet connection 
on a tablet, smart phone, laptop or desktop PC [15]. No 
software download and installation is needed. Thus, conflicts 
caused by different software releases do not appear. Onshape 
beta-version was introduced in March 2015; a full commercial 
version was released by the end of 2015.  
Onshape (Release 1.35) is suitable for both the design of 
new components and, due to a wide range of interfaces, also for 
working with 3D-models imported from other CAD systems. 
The designed components are then saved on a server in a cloud. 
Collaboration with distributed product development teams in 
Real Time over web browsers and with mobile devices is 
possible through an integrated version control and functions 
such as file sharing and version history. 
3.4. Blender 
Originally the Blender software was developed for 3D 
graphic design and ambitious animations. Blender (Release 
2.74) is particularly suitable for 3D modelling with artistic 
orientation and ambitious animations as well as for organic 
forms. 
There are many instructions, books and help videos 
available for this software which makes getting started easier. 
Blender has become considerably easier to use with the most 
recent large version upgrade. Although this software was 
originally developed for animators, technical 3D-models can 
also be created using it [13]. 
4. Evaluation of different CAD systems 
From a scientific perspective on the evaluation of different 
CAD systems the introduction and the selection of relevant and 
meaningful criteria is of particular importance. Thus the criteria 
are summarized in two different clusters, namely “ease of use” 
and “scope of functions”. In order to distinguish the relevance 
of the different criteria, a weighting factor is additionally 
implemented. 
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A list of pros and cons was drawn up for every tool studied 
(see Table 2). The evaluation was conducted by an engineer, 
who provides advanced knowledge in the design process using 
CAD and who is therefore able to examine and evaluate 
adequately the performances and features of the different CAD 
systems. The assessment of the different criteria shows a range 
form of very poor (--) and poor (-) about average (O) till good 
(+) and very good fulfilled (++).  
Table 2. Evaluation criteria of freeware or open-source CAD systems 
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Ease of use 
Usability 3 { - + ++ - + 
Tutorials 2 ++ + ++ + + ++ 
GUI 1 + - + + - + 
Scope of functions        
Dimensioning 3 { + -- ++ + ++ 
Hole/Thread 1 { + -- + { ++ 
Standard parts 1 -- -- -- -- -- ++ 
Textures 1 -- -- ++ -- { + 
Interfaces 2 - ++ + ++ + + 
Assembly 1 + + + ++ + ++ 
2D-Drawing 1 -- ++ + ++ - ++ 
Professional Version        
Availability (Yes/No) -/- N N Y Y N -/- 
Licensing(payment/fee)    P F   
 
To define the “ease of use” the user-friendliness was 
evaluated primarily. This category included the easy and 
intuitive operability of the CAD system, the number of existing 
tutorials and their availability on the Internet as well as the clear 
and easy-to-understand layout of the Graphical User Interface 
(GUI).  
In order to benchmark the “scope of functions” the range of 
available geometric features was evaluated. This is comprised 
of the possibilities to develop a dimensioning and also to alter 
it afterwards as well as to create a borehole or a thread. 
Likewise, the existence of a standard parts catalogue was 
checked.  
With regard to colored 3D printing, the possibility of 
incorporating textures is an important criterion. Moreover, the 
number of available data formats or interfaces for data transfer 
to a 3D printer is of great significance. A possible selection 
criterion for use in mechanical engineering is the options of 
generating an assembly and deriving a 2D drawing. 
Lastly, the presence of a free professional version offered 
among the freeware software packages was examined. In this, 
various types of licensing are possible which both make 
provisions for a once-only payment or regular licensing fees. 
The features of a conventional, i.e. commercial, CAD tool were 
included in the evaluation for better comparison. 
The results of the study showed that Onshape exhibited the 
greatest range of functions among the freeware CAD tools. 
However, only a limited number of products can be 
simultaneously worked with in the free version of Onshape. 
FreeCAD is viewed as the most comprehensive freeware CAD 
tool from among the unlimited freeware CAD systems. With 
respect to user-friendliness, SketchUp is very hard to beat. 
Albeit, the good result considering the scope of functions for 
both Blender and FreeCAD suffer under a limited user-
friendliness. It is worth mentioning that SketchUp is more 
suitable as a planning tool for architects than for engineers in 
mechanical construction.  
In commercial CAD systems, the intuitive and simple 
operation is not the priority but rather a comprehensive 
functionality. Therefore, the operation of the complex features 
by professional users, e.g. in generating free form surfaces, is 
generally connected with extensive training. These 
professionals put high requirements for commercial CAD 
systems and their focus is more on the opportunities to represent 
also special and rare functionalities in the CAD system instead 
of an intuitive operation. A prerequisite therefore are several 
weeks of special training and also a long-standing experience 
in the operation for a commercial CAD system. 
Blender stands somewhat inconspicuously in the middle 
range. It is a tool that offers far-reaching possibilities especially 
for the creative and film industries. Complete amination films 
can be produced with Blender. It is, however, less suited for 
technical problems such as parts design. Moreover, the 
operation of the software is very complex. 
Freeware and open-source CAD systems are clearly at a 
disadvantage compared to commercial providers in terms of the 
standard parts catalogue. Both Onshape and FreeCAD 
exhibited good results in the number of available interfaces. 
In order to better assess the results of the pro and con list, the 
evaluation results are provided with a weighting factor (see 
Table 2) and are graphically presented (see Figure 2). The 
criteria for usability, tutorials available in the Internet, simple 
dimensioning functions with altering options and also the 
number of interfaces were rated particularly high. 
 
 
Figure 2: Evaluation of the weighted pro- and con-lists  
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The reason for this is that these criteria are very significant, 
in particular for the creation of 3D models by users 
inexperienced with CAD and by the data transfer from a CAD 
system to a 3D printer. All further criteria are entered with 
considerably less weighting in the result. The maximum score 
was set at 100% in both categories. 
5. Case study of possible applications for mechanical 
construction 
To be able to study the possibilities for the application of 
freeware or open-source more closely, a comparison test of the 
five CAD systems mentioned in section 4 was first conducted 
on one simple component. Subsequently, the CAD system with 
the best evaluation from the comparison was studied with 
regard to its suitability for the mechanical design of a product 
with several components as well as the assembly. 
5.1. Comparison based on one simple component 
In order to make the complexity of the operation and the 
possibilities of the individual software tools comparable, a 
technical component was constructed with the selected free or 
open-source CAD software and the required length of time for 
this was measured. The component for comparison was a cover 
with a diameter of 30mm (see Figure 3). The component is part 
of a product, namely a throttle valve, which will be further 
explained in the following section. 
 
 
Figure 3: Cover as simple component for comparison: isometric view (left) 
and drawing with section (right) 
The cover initially consists of a 3D solid in the form of a 
cylinder. This contains a central through bore for a shaft and 
three boreholes distributed around the circumference with 
countersinking for the fastening screws which are regularly 
generated via a circular pattern.  
The length of time for designing the component with the 
individual CAD systems is depicted in Figure 4. Even with this 
simple component, considerable differences could already be 
ascertained in the construction time. The fastest mechanical 
construction could be completed within a ca. 20-minute 
construction time with the two CAD systems Autodesk 123D 
and Onshape. FreeCAD required about one and a half of that 
time. The software SketchUp required about a double the time 
of the two software packages with the best result. The 
construction with Blender took the most time. It was stopped 
here after 90 minutes of construction time, and the construction 
was discontinued. Principally, it is, however, fully possible to 
design the component with Blender. 
 
Figure 4: Comparison of time need for the design of simple component 
5.2. Study of the assembly of a product 
Based on the knowledge gained from these studies, Onshape 
appears to be the most promising CAD software and was 
therefore subject to a comprehensive analysis. This involved 
the design of additional components for the throttle valve. This 
also included components such as, for example, the housing 
(see Figure 5 a) which features significantly more complex 
geometrics than the comparatively simple cover from the 
previous step. 
 
 
Figure 5: Single component housing (a) and assembly of the throttle valve in 
CAD system Onshape (b) 
Furthermore, the assembly of the product was executed (see 
Figure 5b). Because a standard part catalogue was not 
available, the insertion of screws and dowel pins was waived. 
Although Onshape is still in the developmental stages, one 
recognizes that it will offer a wide range of possibilities. Many 
requirements in the parts design of single components or in the 
assembly of a simple product can be solved. 
6. Additive manufacturing of the 3D model using Binder 
Jetting 
The throttle valve was realized using 3D printing, also 
named Binder Jetting (BJ) (see Figure 6). In doing so, the 3D 
model was exported from the CAD software with the aid of the 
STL interface and subsequently read in on the software of the 
3D printer. For this, an interface with several options (e.g. 
resolution, units, file format etc.) is available in Onshape.  
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A Projet 660 Pro from 3D Systems was used as the 3D 
printer; this 3D printer uses a polymer plaster composite as 
construction material. The individual layers are solidified by 
spraying a binder and color ink. The 3D-printed component is 
afterwards infiltrated with epoxy resin during post-processing 
to increase the strength of the component and to improve the 
brilliance of the colors (see Figure 6b).  
In order to apply the colored textures from the CAD system, 
the STL interface must be unqualified as it only applies the 
geometrics in the form of approximated triangular tessellation. 
Therefore, a VRML-interface is, for example, required for the 
remote transition since this interface simultaneously applies 
geometric and color information (currently not yet available in 
Onshape). The color information can, however, be transferred 
through the use of another available interface for neutral data 
transfer, such as, e.g. STEP. Currently, various providers are 
developing further interfaces for this data transfer, such as e.g. 
an AMF or 3MF format, but they are not yet very wide-spread. 
 
 
Figure 6: 3D model of the throttle valve product in STL-format showing 
triangle tessellation (a) and 3D-printed model (b) 
7. Conclusion and Outlook 
In this contribution, the specifications of CAD systems have 
been explained with particular consideration to the 
requirements of unexperienced users in the area of 3D printing. 
These requirements are, above all, favorable or even free access 
to a CAD system, high user-friendliness and a comprehensive 
range of functions. In addition, a market analysis of different 
freeware and open source CAD software was conducted as 
these enable free or inexpensive access. Five CAD software 
packages were analyzed here in detail and compared. Clear 
differences could be elaborated with respect to the user-
friendliness and the scope of functions.  
Onshape, the best evaluated CAD software was 
subsequently further studied in detail. In this, it was 
demonstrated that the complete process chain in CAD-based 
product development from the 3D modelling of single 
components to the assembly could be carried out. Also the 
successful data-transfer from the CAD-System to a 3D-Printer 
using an interface is proven. 
The future development of freeware and open-source CAD 
systems will be accompanied within further studies. The type 
of new functions which will additionally be provided should be 
particularly studied here. For instance, the opportunities for the 
collaborative design using features like sharing files in the 
cloud should be evaluated.  
Currently, there is a growth trend to work also on further 
steps of the product development cycle with the help of 
freeware or open source software. Thus there is an increasing 
number of “simulation in the cloud” programs available. In 
future, a reliable connection has to be expected between simple 
CAD-systems and these simulation software tools by easy-to-
use interfaces. 
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